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(57) ABSTRACT

At least a part of light emitted from a light source passes
through a projection lens. A rotary shade is disposed at the
rear side of the projection lens to block a part of the light
emitted from the light source. The rotary shade includes a
twist end surface. A swivel actuator changes an optical axis
direction of the projection lens. A shade driving mechanism
rotates the rotary shade around the rotary axis. A first
information acquisition unit acquires first information on a
rudder angle of the vehicle. A second information acquisi-
tion unit acquires second information on the front area of the
vehicle. A first control unit controls the swivel actuator to
determine the optical axis direction based on the first infor-
mation. A second control unit controls the shade driving
mechanism to determine the position of the twist end surface
based on the second information.

12 Claims, 15 Drawing Sheets
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LIGHT DISTRIBUTION CONTROL SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based on and claims priority from
Japanese Patent Application No. 2014-031887, filed on Feb.
21, 2014, with the Japan Patent Office, the disclosure of
which is incorporated herein in its entirety by reference.

TECHNICAL FIELD

The disclosure relates to a system for controlling light
distribution of a lighting device mounted in a vehicle.

BACKGROUND

An adaptive driving beam (ADB) control has been known
as a light distribution control. In this control, when an
oncoming vehicle or a pedestrian is detected during illumi-
nation by a high beam light distribution, the light which
illuminates the region including the detected oncoming
vehicle or the detected pedestrian is blocked to form a
non-lighting region. Accordingly, it is possible to achieve
both suppression of a glare and ensuring of a front area
visibility. In this specification, such a light distribution
pattern is called “a partial high beam pattern.”

A swivel actuator is known for moving an optical axis of
a lamp in left and right direction of a vehicle such that an
illumination direction is directed to a traveling direction of
the vehicle when the vehicle is traveling on, for example, a
curved path. There is known a technology of using a swivel
actuator to move the position of a non-lighting region of a
partial high beam pattern in the left and right directions
according to the detected position of an oncoming vehicle or
a pedestrian (see, e.g., Japanese Patent

SUMMARY

For example, in a case where an ADB control becomes
active due to detection of an oncoming vehicle while a
swivel control is active during traveling on a curved path,
when the partial high beam pattern is moved in the left and
right directions so that the non-lighting region follows the
oncoming vehicle, a direction to be illuminated originally by
the swivel control may not coincide with the optical axis of
the lamp. That is, when the ADB control is prioritized, the
illumination for the vehicle traveling direction may be
insufficient, and when the swivel control is prioritized,
suppression of a glare on the oncoming vehicle may be
insufficient. The coordination of both cases may complicate
the control so that a load in an integral control unit such as
an ECU may be increased.

Accordingly, an object of the present disclosure is to
achieve both the suppression of a glare on an oncoming
vehicle and the ensuring of the visibility of the vehicle
traveling direction while suppressing an increase of a control
load.

In order to achieve the object, according to an aspect of
the present disclosure, there is provided a system configured
to control a light distribution of a lighting device mounted in
a vehicle. The system includes: a light source; a projection
lens through which at least a part of light emitted from the
light source passes; a rotary shade disposed at a rear side of
the projection lens to block a part of the light emitted from
the light source and having a rotary axis; a first driving
mechanism configured to change a direction of an optical
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2

axis of the projection lens; and a second driving mechanism
configured to rotate the rotary shade on the rotary axis. In
particular, the rotary shade includes: a first edge projected to
a front area of the projection lens, as a periphery of a first
light distribution pattern, when the second driving mecha-
nism rotates the rotary shade to a first angle position; a
second edge projected to the front area of the projection lens,
as a first periphery of a second light distribution pattern,
when the second driving mechanism rotates the rotary shade
to a second angle position, the second light distribution
pattern having an illumination area larger than an illumina-
tion area of the first light distribution pattern; and a twist end
surface extending around the rotary axis to intersect the first
edge at a first position with respect to a direction of the
rotary axis, and to intersect the second edge at a second
position with respect to a direction of the rotary axis, the
twist end surface includes an edge projected to the front area
of the projection lens, as a second periphery of the second
light distribution pattern, and the system further includes: a
first information acquisition unit configured to acquire first
information on a rudder angle of the vehicle; a second
information acquisition unit configured to acquire second
information on a front area of the vehicle; a first control unit
configured to control the first driving mechanism to deter-
mine the direction of the optical axis based on the first
information; and a second control unit configured to control
the second driving mechanism to determine a position of the
second periphery based on the second information.

In the configuration, the first control unit may be in charge
of the swivel control, and the second control unit may be in
charge of the ADB control. The swivel control may not be
affected by the ADB control. Accordingly, the optical axis
direction of each projection lens is always optimized so that
the highest illuminance portion in the second light distribu-
tion pattern is disposed at a proper position with respect to
the traveling direction of the vehicle. Accordingly, the
visibility of the vehicle traveling direction is ensured. Since
the ADB control is performed using the twist end surface of
the rotary shade, the position of the second periphery may be
continuously varied. Accordingly, it is possible to suppress
a glare on an oncoming vehicle while suppressing a driver
from having an uncomfortable feeling due to a change of the
light distribution pattern shape. Since the swivel control
based on the rudder angle information of the vehicle and the
ADB control based on the front area information of the
vehicle may be executed independently from each other, a
complicated control design on the assumption of coordina-
tion of both controls is not required. Accordingly, it is
possible to achieve both the suppression of a glare on an
oncoming vehicle and the ensuring of the visibility of the
vehicle traveling direction while suppressing an increase of
a control load.

The second control unit may control the second driving
mechanism to determine the position of the second periph-
ery with respect to the optical axis direction determined by
the first control unit, based on the second information.

A lateral displacement amount of the entire light distri-
bution pattern varied by the swivel control is larger than a
lateral displacement amount of the second periphery varied
by the rotary shade through the ADB control. First, the
optical axis direction of each projection lens is determined
by the swivel control, and the ADB control is executed based
on the direction so that the range of the second periphery
displaceable by the rotary shade may be substantially wid-
ened. That is, an acting range of a glare suppressing effect
may be widened without affecting the ensuring of the
visibility of a vehicle traveling direction through the swivel
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control. Accordingly, it is possible to achieve both the
suppression of a glare on an oncoming vehicle and the
ensuring of the visibility of the vehicle traveling direction
while suppressing an increase of a control load.

The rotary shade includes a peripheral surface extending
concentrically around the rotary axis, and the first edge and
the second edge may constitute a part of the peripheral
surface.

Accordingly, in the configuration, the vertical position of
the first edge and the second edge is not changed according
to the rotation of the rotary shade. Accordingly, the position
of the projection image of the edges is not changed accord-
ing to the switching between the first light distribution
pattern and the second light distribution pattern, and the
displacement of the second periphery in the second light
distribution pattern. Accordingly, when the light distribution
pattern is changed, an uncomfortable feeling of a driver may
be suppressed.

The light source includes a first light source and a second
light source, and the projection lens includes a first projec-
tion lens and a second projection lens. The first projection
lens is disposed such that the first light distribution pattern
is formed by light emitted from the first light source. The
second projection lens and the rotary shade are disposed
such that a part of the second light distribution pattern
including the second periphery is formed by light emitted
from the second light source. In this case, the first driving
mechanism is configured to change a direction of an optical
axis of at least the first projection lens.

In the configuration, even in a case where an optical
system for forming the first light distribution pattern and an
optical system for forming the second light distribution
pattern are provided independently from each other, the
independence of each of the swivel control and the ADB
control may be improved.

Here, the first driving mechanism may be configured to
change the optical axis direction of the first projection lens
and the optical axis direction of the second projection lens
at once.

In the configuration, even in a case where an optical
system for forming the first light distribution pattern and an
optical system for forming the second light distribution
pattern are provided independently from each other, the
second control unit may determine the position of the second
periphery based on the optical axis direction of the projec-
tion lens determined by the first control unit. That is, an
acting range of a glare suppressing effect may be widened
without affecting the ensuring of the visibility of a vehicle
traveling direction through the swivel control.

The foregoing summary is illustrative only and is not
intended to be in any way limiting. In addition to the
illustrative aspects, embodiments, and features described
above, further aspects, embodiments, and features will
become apparent by reference to the drawings and the
following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a view schematically illustrating the entire
configuration of a vehicle mounted with a headlight control
system according to a first exemplary embodiment of the
present disclosure.

FIG. 2 is a perspective view illustrating a part of a right
lamp unit provided in the headlight control system.

FIGS. 3A and 3B are views illustrating the positional
relationship between elements of the right lamp unit.
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FIG. 4 is a perspective view illustrating the exterior of a
right rotary shade provided in the right lamp unit.

FIGS. 5A to 5D are views illustrating the relationship
between a rotation angle position of the right rotary shade
and a formed light distribution pattern.

FIGS. 6A to 6F are views illustrating the relationship
between a rotation angle position of the right rotary shade
and a formed light distribution pattern.

FIG. 7 is a perspective view illustrating the exterior of a
left rotary shade provided in a left lamp unit as a part of the
headlight control system.

FIGS. 8A to 8D are views illustrating the relationship
between a rotation angle position of the left rotary shade and
a formed light distribution pattern.

FIGS. 9A to 9F are views illustrating the relationship
between a rotation angle position of the left rotary shade and
a formed light distribution pattern.

FIG. 10 is a view schematically illustrating a control
configuration of the headlight control system.

FIGS. 11A to 11C are views illustrating an ADB control
and a swivel control performed by the headlight control
system of FIG. 10.

FIG. 12 is a view schematically illustrating a control
configuration of the headlight control system according to a
second exemplary embodiment of the present disclosure.

FIGS. 13A to 13C are views illustrating an ADB control
and a swivel control performed by the headlight control
system of FIG. 12.

FIG. 14 is a view schematically illustrating a control
configuration of the headlight control system according to a
third exemplary embodiment of the present disclosure.

FIGS. 15A to 15C are views illustrating an ADB control
and a swivel control performed by the headlight control
system of FIG. 14.

DETAILED DESCRIPTION

In the following detailed description, reference is made to
the accompanying drawing, which form a part hereof. The
illustrative embodiments described in the detailed descrip-
tion, drawing, and claims are not meant to be limiting. Other
embodiments may be utilized, and other changes may be
made, without departing from the spirit or scope of the
subject matter presented here.

Exemplary embodiments of the present disclosure will be
described in detail with reference to accompanying draw-
ings. In each of the drawings used for the following descrip-
tions, the size of each member is suitably changed to a
recognizable size in scale. “The right side” and “the left
side” in the following descriptions indicate right and left
directions viewed from a driver seat, respectively, unless
otherwise specified.

FIG. 1 schematically illustrates the entire configuration of
a vehicle 10 mounted with a headlight control system 11
(e.g., a light distribution control system) according to a first
exemplary embodiment of the present disclosure. The head-
light control system 11 controls light distribution of a
headlight device 12 (e.g., a lighting device) mounted in the
vehicle 10. The headlight control system 11 includes an
integral control unit 14, wheel speed sensors 16, a steering
angle sensor 17, and a camera 18.

The integral control unit 14 includes, for example, a CPU
for executing various arithmetic processings, a ROM for
storing various control programs, and a RAM used as a work
area for storing data or executing programs, and performs
various controls in the vehicle 10.
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Each of the wheel speed sensors 16 is provided to
correspond to each of four wheels (e.g., left, right, front and
rear wheels) assembled with the vehicle 10. Each of the
wheel speed sensors 16 is connected to communicate with
the integral control unit 14, and outputs a signal according
to a rotation speed of the wheel to the integral control unit
14. The integral control unit 14 calculates the speed of the
vehicle 10 using the signal input from each of the wheel
speed sensors 16.

The steering angle sensor 17 is provided in a steering
wheel and is connected to communicate with the integral
control unit 14. The steering angle sensor 17 outputs a signal
corresponding to a steering rotation angle of the steering
wheel operated by a driver to the integral control unit 14.
The integral control unit 14 calculates the traveling direction
of the vehicle 10 using the signal input from the steering
angle sensor 17.

The camera 18 includes an imaging element such as, for
example, a charged coupled device (CCD) sensor or a
complementary metal oxide semiconductor (CMOS) sensor,
and captures the front area of the vehicle to generate image
data. The camera 18 is connected to communicate with the
integral control unit 14, and the generated image data are
output to the integral control unit 14.

The headlight device 12 includes a right headlight unit
22R disposed at the front right side of the vehicle 10, and a
left headlight unit 221 disposed at the front left side of the
vehicle 10. In the right headlight unit 22R, a translucent
cover 24R is mounted in a lamp body 23R to define a lamp
chamber 25R.

FIG. 2 is a perspective view illustrating a part of a right
lamp unit 30R accommodated in the lamp chamber 25R of
the right headlight unit 22R. FIG. 3A is a vertical cross-
sectional view illustrating the positional relationship
between partial elements constituting the right lamp unit
30R. The right lamp unit 30R includes a light source 31, a
heat sink 32, a reflector 33, a projection lens 34, a lens holder
35, a right rotary shade 36, a shade driving mechanism 37,
and a support 38.

The light source 31 is a semiconductor light emitting
element such as a white light emitting diode LED or an
organic EL element. The light source 31 is fixed to the heat
sink 32. The material and the shape of the heat sink 32 are
suitable for dissipating the heat emitted from the light source
31. The light emitted from the light source 31 is reflected by
the reflector 33 to be directed forward. At least a part of the
light passes through the projection lens 34 disposed ahead of
the reflector 33.

The reflector 33 includes a reflecting surface based on an
ellipsoid on an optical axis Al extending in the front and rear
directions of the vehicle 10. The light source 31 is disposed
at the first focus of the ellipse which constitutes the vertical
cross section of the reflecting surface. Accordingly, the light
emitted from the light source 31 is converged on the second
focus of the ellipse.

The projection lens 34 is made of a resin. The projection
lens 34 is disposed such that the rear focus F coincides with
the second focus of the reflecting surface of the reflector 33,
and is configured to project the image on the rear focus F to
the front area of the vehicle 10 as an inverted image. The
periphery of the projection lens 34 is held by the lens holder
35, and is fixed to the heat sink 32.

FIG. 3B is a plan view illustrating the positional relation-
ship between partial elements constituting the right lamp
unit 30R. The right rotary shade 36 is disposed at the rear
side of the projection lens 34 to block a part of light emitted
from the light source 31. The right rotary shade 36 includes

30

40

45

55

6

a rotary axis A2, and is disposed such that the rotary axis A2
passes through the lower side of the rear focus F of the
projection lens 34.

The shade driving mechanism 37 is fixed to the left end
in the axial direction of the right rotary shade 36. The shade
driving mechanism 37 includes a motor and a gear mecha-
nism to rotate the right rotary shade 36 around the rotary axis
A2. Specifically, the motor and the gear mechanism are
driven according to the control signal input from the integral
control unit 14 of the vehicle 10 to rotate the right rotary
shade 36 at an angle and in a direction according to the
signal. As illustrated in FIG. 2, the support 38 rotatably
supports the right end in the axial direction of the right rotary
shade 36.

FIG. 4 is a perspective view illustrating the exterior of the
right rotary shade 36. As described below in detail with
reference to FIGS. 5A to 6F, the right rotary shade 36 is
formed into a shape having peripheral surfaces and end
surfaces in which different shapes of edges are disposed near
the rear focus F of the projection lens 34 according to the
rotation angles on the rotary axis A2 through the driving by
the shade driving mechanism 37.

The light emitted from the light source 31 is reflected by
the reflector 33 to be directed forward. A part of the light is
blocked by the right rotary shade 36. Here, the shape of the
edge disposed near the rear focus F of the projection lens 34
is projected as a part of the periphery of a light distribution
pattern formed at the front area of the vehicle 10.

The right rotary shade 36 includes a first end 36a. The first
end 36aq is disposed at the left end of the right rotary shade
36. The first end 364 includes an axial hole formed coaxially
with the rotary axis A2. The axial hole is coupled with the
shade driving mechanism 37.

The right rotary shade 36 includes a second end 365. The
second end 365 is disposed at the right end of the right rotary
shade 36. The second end 3654 includes an axial hole formed
coaxially with the rotary axis A2. The axial hole is coupled
with the support 38.

The right rotary shade 36 includes a first peripheral
surface 36¢. The first peripheral surface 36¢ is disposed at
the left side of the second end 364. The first peripheral
surface 36¢ extends in the left and right directions of the
right rotary shade 36 to be parallel to the rotary axis A2. The
first peripheral surface 36¢ extends concentrically around
the rotary axis A2. That is, a distance between the first
peripheral surface 36¢ and the rotary axis A2 is fixed.

The right rotary shade 36 includes a second peripheral
surface 36d. The second peripheral surface 36d is disposed
at the left side of the first peripheral surface 36¢. The second
peripheral surface 364 extends in the left and right directions
of the right rotary shade 36 to be parallel to the rotary axis
A2. The second peripheral surface 364 extends concentri-
cally around the rotary axis A2. That is, a distance between
the second peripheral surface 364 and the rotary axis A2 is
fixed. Also, the distance between the second peripheral
surface 364 and the rotary axis A2 is larger than the distance
between the first peripheral surface 36¢ and the rotary axis
A2.

The right rotary shade 36 includes a third peripheral
surface 36e. The third peripheral surface 36e extends to
connect the first peripheral surface 36¢ to the second periph-
eral surface 36d. The third peripheral surface 36¢ forms a
slope surface extending in a direction not parallel to the
rotary axis A2.

The right rotary shade 36 includes a fourth peripheral
surface 36f. The fourth peripheral surface 36fis disposed at
the left side of the second peripheral surface 36d. The fourth
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peripheral surface 36/ extends in the left and right directions
of the right rotary shade 36 to be parallel to the rotary axis
A2. The fourth peripheral surface 36/ extends non-concen-
trically around the rotary axis A2. That is, a distance
between the fourth peripheral surface 36/ and the rotary axis
A2 varies according to a rotation angle on the rotary axis A2
of the right rotary shade 36.

FIG. 6E illustrates the exterior of the right rotary shade 36
when viewed from the opposite direction to that of FIG. 4.
The right rotary shade 36 includes a first flat surface 36g.
The first flat surface 36g extends in the left and right
directions of the right rotary shade 36 to be parallel to the
rotary axis A2. The first flat surface 36g is continued to one
circumferential end of the first peripheral surface 36¢, one
circumferential end of the second peripheral surface 364,
one circumferential end of the third peripheral surface 36e,
and one circumferential end of the fourth peripheral surface
36/

The right rotary shade 36 includes a second flat surface
365. The second flat surface 36/ extends in the left and right
directions of the right rotary shade 36 to be parallel to the
rotary axis A2. The other circumferential end of the first
peripheral surface 36c¢ is continued to the second flat surface
364

As illustrated in FIGS. 4 and 6E, the right rotary shade 36
includes a twist end surface 36/. The twist end surface 36/
includes a first portion 36/1 and a second portion 36:2. The
first portion 361 extends to connect the second peripheral
surface 36d to the fourth peripheral surface 36/ The second
portion 3672 extends to connect the first portion 361 to the
second flat surface 36/4. The first portion 36/1 and the second
portion 36i2 are separated from each other by a boundary
edge 36i3.

The twist end surface 36/ extends around the rotary axis
A2. One circumferential end of the twist end surface 36 is
continued to the first flat surface 36g. The other circumfer-
ential end of the twist end surface 36i is continued to the
second flat surface 36/. The position of the twist end surface
36/ continued to the first flat surface 36g and the position of
the twist end surface 36/ continued to the second flat surface
36/ are different from each other with respect to the direc-
tion of the rotary axis A2. That is, the projection position of
one circumferential end of the twist end surface 36/ on the
rotary axis A2 is different from the projection position of the
other circumferential end of the twist end surface 36/ on the
rotary axis A2.

FIG. 5A illustrates the right rotary shade 36 rotated by
180° from the state illustrated in FIG. 3B in the front view
of the vehicle 10. Here, at the upper side of the rotary axis
A2, edges formed by the first peripheral surface 36¢, the
second peripheral surface 364, and the third peripheral
surface 36e are disposed near the rear focus F of the
projection lens 34. An edge 36¢1 formed by the first periph-
eral surface 36¢ is disposed at the left side of the optical axis
Al (e.g., corresponding to an intersection of a horizontal
reference line H and a vertical reference line V) of the
projection lens 34 in the front view of the vehicle 10 to
extend in parallel to the rotary axis A2. An edge 3641 formed
by the second peripheral surface 364 is disposed at the right
side of the optical axis Al in the front view of the vehicle 10
to extend in parallel to the rotary axis A2. An edge 36¢l
formed by the third peripheral surface 36e is disposed at the
left side of the optical axis A1 in the front view of the vehicle
10 to extend diagonally with respect to the rotary axis A2
and to connect the edge 36¢1 to the edge 36d41.

FIG. 5B illustrates a light distribution pattern formed
when the edges 36c¢1, 36d1, and 36e1 are projected to a
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virtual vertical screen disposed ahead of the vehicle 10. The
light distribution pattern corresponds to a right low beam
pattern 50 (e.g., a first light distribution pattern). The right
low beam pattern 50 is a light distribution pattern which is
illuminated at the near front area of the vehicle 10 without
giving a glare to an oncoming vehicle.

The right low beam pattern 50 includes a first horizontal
cutoff line 51, a second horizontal cutoff line 52, and a slope
cutoff line 53 on the upper edge thereof. In the following
description, the first horizontal cutoff line 51, the second
horizontal cutoff line 52, and the slope cutoff line 53 are
collectively referred to as “a right horizontal cutoff line 54”
as necessary.

The first horizontal cutoff line 51 is formed by the edge
36d1. The first horizontal cutoff line 51 extends in parallel
to the horizontal reference line H at the right side of the
vertical reference line V and at the lower side of the
horizontal reference line H, and is used as an oncoming
lane-side cutoff line. The second horizontal cutoff line 52 is
formed by the edge 36¢1. The second horizontal cutoff line
52 extends along the horizontal reference line H at the left
side of the vertical reference line V, and is used as an own
lane-side cutoff line. The slope cutoff line 53 is formed by
the edge 36¢1. The slope cutoff line 53 extends diagonally
from the left end of the first horizontal cutoff line 51 toward
the left upper side, and is connected to the right end of the
second horizontal cutoff line 52.

That is, when the shade driving mechanism 37 (e.g., a
second driving mechanism) rotates the right rotary shade 36
to the position illustrated in FIG. 5A (e.g., a first angle
position), the edges 36¢1, 3641, and 36¢l (e.g., a first edge
of the rotary shade) are projected to the front area of the
projection lens 34 as the right horizontal cutoff line 54 (e.g.,
a periphery of the first light distribution pattern). The light
passing through the upper side of the edges 36¢1, 3641, and
36e1 illuminates the lower side of the right horizontal cutoff
line 54.

FIG. 5C illustrates the right rotary shade 36 rotated
clockwise by 90° from the state illustrated in FIG. SA when
viewed from the right side, in the front view of the vehicle
10. Here, a space 36/ is defined by the first flat surface 36g
and the second flat surface 36/ at the upper side of the rotary
axis A2.

The space 36 includes the optical axis Al of the projec-
tion lens 34. Thus, the light emitted from the light source 31
and reflected by the reflector 33 is not blocked but passes
through the space 36; and the projection lens 34 to form a
right high beam pattern 55 at the front area of the vehicle 10
as illustrated in FIG. 5D. The right high beam pattern 55 is
a light distribution pattern which is illuminated in a wide
range ahead of the vehicle 10 to the far side.

FIG. 6A illustrates the right rotary shade 36 rotated
counterclockwise by 90° from the state illustrated in FIG.
5A when viewed from the right side, in the front view of the
vehicle 10. Here, at the upper side of the rotary axis A2,
edges 36¢2, 3642, and 36¢2 formed by the first peripheral
surface 36c, the second peripheral surface 36d, and the third
peripheral surface 36e, respectively, and the boundary edge
36i3 of the twist end surface 36/ are disposed near the rear
focus F of the projection lens 34. The edge 36¢2 formed by
the first peripheral surface 36¢ is disposed at the left side of
the optical axis Al ofthe projection lens 34 in the front view
of the vehicle 10 to extend in parallel to the rotary axis A2.
The edge 3642 formed by the second peripheral surface 364
is disposed at the right side of the optical axis Al in the front
view of the vehicle 10 to extend in parallel to the rotary axis
A2. The edge 36¢2 formed by the third peripheral surface
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36¢ is disposed at the left side of the optical axis Al in the
front view of the vehicle 10, and extends diagonally with
respect to the rotary axis A2 to connect the edge 36¢2 to the
edge 364d2. The boundary edge 36:3 of the twist end surface
36 is disposed at the right side of the optical axis Al in the
front view of the vehicle 10, and extends diagonally with
respect to the rotary axis A2. A space 36k1 is defined at the
right side of the boundary edge 36i3.

FIG. 6B illustrates a light distribution pattern formed
when the edges 36¢2, 3642, 36¢2, and 36i3 are projected to
the virtual vertical screen disposed at the front area of the
vehicle 10. The light distribution pattern corresponds to a
partial right high beam pattern 60 (e.g., a second light
distribution pattern). The partial right high beam pattern 60
has an illumination area larger than the right low beam
pattern 50 and smaller than the right high beam pattern 55.

The partial right high beam pattern 60 includes a hori-
zontal cutoff line 61 and a vertical cutoff line 62. The
horizontal cutoff line 61 (e.g., a first periphery of the second
light distribution pattern) is formed by the edges 36¢2, 3642,
and 36e¢2 (e.g., a second edge of the rotary shade). The
horizontal cutoff line 61 extends along the horizontal refer-
ence line H. The vertical cutoff line 62 (e.g., a second
periphery of the second light distribution pattern) is formed
by the boundary edge 36i3 (e.g., the edge of the twist end
surface) of the twist end surface 36i. The vertical cutoff line
62 extends diagonally from the right end of the horizontal
cutoff line 61 toward the right upper side.

That is, when the shade driving mechanism 37 rotates the
right rotary shade 36 to the position illustrated in FIG. 6A
(e.g., a second angle position), the edges 36¢2, 3642 and
36¢2 are projected to the front area of the projection lens 34
as the horizontal cutoff line 61, and the boundary edge 36i3
is projected to the front area of the projection lens 34 as the
vertical cutoff line 62. The light passing through the upper
side of the edges 36¢2, 3642, and 36¢2 illuminates the lower
side of the horizontal cutoff line 61. The light passing
through the space 3641 illuminates the right side of the
vertical cutoff line 62. The use of the partial right high beam
pattern 60 will be described later.

FIG. 6C illustrates the right rotary shade 36 rotated
counterclockwise by 45° from the state illustrated in FIG.
6A when viewed from the right side, in the front view of the
vehicle 10. Here, at the upper side of the rotary axis A2,
edges 36¢3, 3643, and 36e3 formed by the first peripheral
surface 36¢, the second peripheral surface 364, and the third
peripheral surface 36¢, respectively, and an outer peripheral
edge 36i4 of the second portion 36:2 of the twist end surface
36/ are disposed near the rear focus F of the projection lens
34. The edge 36¢3 formed by the first peripheral surface 36¢
is disposed at the left side of the optical axis Al of the
projection lens 34 in the front view of the vehicle 10 to
extend in parallel to the rotary axis A2. The edge 36d3
formed by the second peripheral surface 364 is disposed at
the right side of the optical axis Al in the front view of the
vehicle 10 to extend in parallel to the rotary axis A2. The
edge 36e¢3 formed by the third peripheral surface 36e¢ is
disposed at the left side of the optical axis Al in the front
view of the vehicle 10 to extend diagonally with respect to
the rotary axis A2 to connect the edge 36¢3 to the edge 3643.
The outer peripheral edge 36i4 of the second portion 36i2 of
the twist end surface 36 is disposed at the right side of the
optical axis Al in the front view of the vehicle 10 to extend
diagonally with respect to the rotary axis A2. A space 3642
is defined at the right side of the outer peripheral edge 36i4.

FIG. 6D illustrates a light distribution pattern formed
when the edges 36¢3, 3643, and 36¢3 and the outer periph-
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eral edge 36i4 are projected to the virtual vertical screen
disposed at the front area of the vehicle 10. The light
distribution pattern is also an example of the partial right
high beam pattern 60. The horizontal cutoff line 61 is formed
by the edges 36¢3, 36d3, and 36¢3 (e.g., the second edge of
the rotary shade), and the vertical cutoff line 62 is formed by
the outer peripheral edge 36i4 (e.g., the edge of the twist end
surface).

That is, when the shade driving mechanism 37 rotates the
right rotary shade 36 to the position illustrated in FIG. 6C
(e.g., the second angle position), the edges 36¢3, 3643, and
36¢3 are projected to the front area of the projection lens 34
as the horizontal cutoff line 61, and the outer peripheral edge
36i4 is projected to the front area of the projection lens 34
as the vertical cutoff line 62. The light passing through the
upper side of the edges 36¢3, 3643, and 363 illuminates the
lower side of the horizontal cutoff line 61. The light passing
through the space 3642 illuminates the right side of the
vertical cutoff line 62. In comparison to the state illustrated
in FIG. 6B, the vertical cutoff line 62 is closer to the vertical
reference line V, and the right illumination area of the
vertical cutoff line 62 is wider.

FIG. 6E illustrates the right rotary shade 36 rotated
counterclockwise by 45° from the state illustrated in FIG. 6C
when viewed from the right side, in the front view of the
vehicle 10. Here, at the upper side of the rotary axis A2, an
edge 36c4 formed by the first peripheral surface 36¢ and an
outer peripheral edge 36/5 of the second portion 36:2 of the
twist end surface 36 are disposed near the rear focus F of the
projection lens 34. The edge 36c¢4 formed by the first
peripheral surface 36¢ is disposed at the left side of the
optical axis Al of the projection lens 34 in the front view of
the vehicle 10 to extend in parallel to the rotary axis A2. The
outer peripheral edge 36/5 of the second portion 36:2 of the
twist end surface 36/ extends diagonally with respect to the
rotary axis A2 across the vertical reference line V. A space
3643 is defined at the right side of the outer peripheral edge
36i5.

FIG. 6F illustrates a light distribution pattern formed
when the edge 36¢4 and the outer peripheral edge 36i5 are
projected to the virtual vertical screen disposed at the front
area of the vehicle 10. The light distribution pattern is also
an example of the partial right high beam pattern 60. The
horizontal cutoff line 61 is formed by the edge 36¢4 and the
vertical cutoff line 62 is formed by the outer peripheral edge
36i5.

That is, when the shade driving mechanism 37 rotates the
right rotary shade 36 to the position illustrated in FIG. 6E
(e.g., the second angle position), the edge 36¢4 (e.g., the
second edge of the rotary shade) is projected to the front area
of the projection lens 34 as the horizontal cutoff line 61, and
the outer peripheral edge 365 (e.g., the edge of the twist end
surface) is projected to the front area of the projection lens
34 as the vertical cutoff line 62. The light passing through
the upper side of the edge 36¢4 illuminates the lower side of
the horizontal cutoff line 61. The light passing through the
space 3643 illuminates the right side of the vertical cutoff
line 62. In comparison to the state illustrated in FIG. 6D, the
vertical cutoff line 62 is closer to the vertical reference line
V, and the right illumination area of the vertical cutoff line
62 is wider.

When the shade driving mechanism 37 rotates the right
rotary shade 36 between the positions illustrated in FIGS.
6A and 6F, a part of the twist end surface 36/ projected as
the vertical cutoff line 62 of the partial right high beam
pattern 60 is displaced in the left and right directions of the
right rotary shade 36. Since the twist end surface 36/
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continuously extends around the rotary axis A2, the position
of the vertical cutoff line 62 may be continuously changed
in the left and right directions.

As described above, the right rotary shade 36 includes the
first peripheral surface 36¢ extending concentrically around
the rotary axis A2. Accordingly, the vertical position of the
edges 36¢1 to 36¢4 to be projected to the front area is not
changed according to the rotation of the right rotary shade
36. Accordingly, the position of the projection image of the
edge (e.g., the second horizontal cutoff line 52, and the
horizontal cutoff line 61) is not changed according to the
switching between the right low beam pattern 50 and the
partial right high beam pattern 60, and the displacement of
the vertical cutoff line 62 in the partial right high beam
pattern 60. Accordingly, when the light distribution pattern
is changed, an uncomfortable feeling of a driver may be
suppressed.

As illustrated in FIG. 1, a left lamp unit 30L is accom-
modated in a lamp chamber 25, of the left headlight unit
22L.. The left lamp unit 30L has the same configuration as
that of the right lamp unit 30R illustrated in FIG. 2, and thus
illustration and repetitive descriptions thereof will be omit-
ted. The left lamp unit 30L includes a left rotary shade 46
instead of the right rotary shade 36 provided in the right
lamp unit 30R illustrated in FIG. 2.

FIG. 7 is a perspective view illustrating the exterior of the
left rotary shade 46. The left rotary shade 46 includes a
rotary axis A3. As described below in detail with reference
to FIGS. 8A to 9F, the left rotary shade 46 is formed into a
shape having peripheral surfaces and end surfaces in which
different shapes of edges are disposed near the rear focus F
of the projection lens 34 according to the rotation angles on
the rotary axis A3 through the driving by the shade driving
mechanism 37.

The light emitted from the light source 31 is reflected by
the reflector 33 to be directed forward. A part of the light is
blocked by the left rotary shade 46. Here, the shape of the
edge disposed near the rear focus F of the projection lens 34
is projected as a part of the periphery of a light distribution
pattern formed at the front area of the vehicle 10.

The left rotary shade 46 includes a first end 46a. The first
end 46a is disposed at the left end of the left rotary shade 46.
The first end 46a includes an axial hole formed coaxially
with the rotary axis A3. The axial hole is coupled with the
shade driving mechanism 37.

The left rotary shade 46 includes a second end 464. The
second end 464 is disposed at the right end of the left rotary
shade 46. The second end 464 includes an axial hole formed
coaxially with the rotary axis A3. The axial hole is coupled
with the support 38.

The left rotary shade 46 includes a first peripheral surface
46¢. The first peripheral surface 46¢ is disposed at the left
side of the second end 46b. The first peripheral surface 46¢
extends in the left and right directions of the left rotary shade
46 to be parallel to the rotary axis A3. The first peripheral
surface 46¢ extends concentrically around the rotary axis
A3. That is, a distance between the first peripheral surface
46¢ and the rotary axis A3 is fixed.

The left rotary shade 46 includes a second peripheral
surface 46d. The second peripheral surface 464 is disposed
at the left side of the first peripheral surface 46¢. The second
peripheral surface 464 extends in the left and right directions
of'the left rotary shade 46 to be parallel to the rotary axis A3.
The second peripheral surface 464 extends concentrically
around the rotary axis A3. That is, a distance between the
second peripheral surface 464 and the rotary axis A3 is fixed.
Also, the distance between the second peripheral surface 464
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and the rotary axis A3 is larger than the distance between the
first peripheral surface 46¢ and the rotary axis A3.

The left rotary shade 46 includes a third peripheral surface
46¢. The third peripheral surface 46¢ extends to connect the
first peripheral surface 46¢ to the second peripheral surface
46d. The third peripheral surface 46e forms a slope surface
extending in a direction not parallel to the rotary axis A3.

The left rotary shade 46 includes a fourth peripheral
surface 46f. The fourth peripheral surface 46/ extends to
connect the second end 464 to the first peripheral surface
46¢. The fourth peripheral surface 46/ extends in the left and
right directions of the left rotary shade 46 to be parallel to
the rotary axis A3. The fourth peripheral surface 46f extends
non-concentrically around the rotary axis A3. That is, a
distance between the fourth peripheral surface 46/ and the
rotary axis A3 varies according to a rotation angle on the
rotary axis A3 of the left rotary shade 46.

FIG. 9E illustrates the exterior of the left rotary shade 46
when viewed from the opposite direction to that of FIG. 7.
The left rotary shade 46 includes a first flat surface 46g. The
first flat surface 46g extends in the left and right directions
of'the left rotary shade 46 to be parallel to the rotary axis A3.
The first flat surface 46g is continued to one circumferential
end of the first peripheral surface 46¢, one circumferential
end of the second peripheral surface 464, one circumferen-
tial end of the third peripheral surface 46¢, and one circum-
ferential end of the fourth peripheral surface 46f.

The left rotary shade 46 includes a second flat surface
46/. The second flat surface 46/ extends in the left and right
directions of the left rotary shade 46 to be parallel to the
rotary axis A3. The other circumferential end of the first
peripheral surface 46¢ is continued to the second flat surface
464.

As illustrated in FIGS. 7 and 9E, the left rotary shade 46
includes a twist end surface 46/ extending around the rotary
axis A3. The twist end surface 46 includes a first portion
46i1 and a second portion 46i2. The first portion 46i1
extends to connect the first peripheral surface 46¢ to the
fourth peripheral surface 46f. The second portion 46i2
extends to connect the first portion 46i1 to the second flat
surface 46/4. The first portion 46i1 and the second portion
46i2 are separated from each other by a boundary edge 46:3.

One circumferential end of the twist end surface 46i is
continued to the first flat surface 46g. The other circumfer-
ential end of the twist end surface 46i is continued to the
second flat surface 46/. The position of the twist end surface
46i continued to the first flat surface 46g and the position of
the twist end surface 46/ continued to the second flat surface
46/ are different from each other with respect to the direc-
tion of the rotary axis A3. That is, the projection position of
one circumferential end of the twist end surface 46/ on the
rotary axis A3 is different from the projection position of the
other circumferential end of the twist end surface 46 on the
rotary axis A3.

FIG. 8A illustrates the left rotary shade 46 rotated by 180°
from the state corresponding to FIG. 3B in the front view of
the vehicle 10. Here, at the upper side of the rotary axis A3,
edges formed by the first peripheral surface 46¢, the second
peripheral surface 464, and the third peripheral surface 46e
are disposed near the rear focus F of the projection lens 34.
An edge 46¢1 formed by the first peripheral surface 46¢ is
disposed at the left side of the optical axis Al (e.g., corre-
sponding to the intersection of a horizontal reference line H
and a vertical reference line V) of the projection lens 34 in
the front view of the vehicle 10 to extend in parallel to the
rotary axis A3. An edge 4641 formed by the second periph-
eral surface 464 is disposed at the right side of the optical
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axis Al in the front view of the vehicle 10 to extend in
parallel to the rotary axis A3. An edge 46¢1 formed by the
third peripheral surface 46¢ is disposed at the left side of the
optical axis Al in the front view of the vehicle 10 to extend
diagonally with respect to the rotary axis A3 and to connect
the edge 46¢1 to the edge 4641.

FIG. 8B illustrates a light distribution pattern formed
when the edges 46c¢1, 46d1, and 46e1 are projected to a
virtual vertical screen disposed at the front area of the
vehicle 10. The light distribution pattern corresponds to a
left low beam pattern 70 (e.g., a first light distribution
pattern). The left low beam pattern 70 is a light distribution
pattern which is illuminated at the near front area of the
vehicle 10 without giving a glare to an oncoming vehicle.

The left low beam pattern 70 includes a first horizontal
cutoff line 71, a second horizontal cutoff line 72, and a slope
cutoff line 73 on the upper edge thereof. In the following
description, the first horizontal cutoff line 71, the second
horizontal cutoff line 72, and the slope cutoff line 73 are
collectively referred to as “a left horizontal cutoff line 74 as
necessary.

The first horizontal cutoff line 71 is formed by the edge
46d1. The first horizontal cutoff line 71 extends in parallel
to the horizontal reference line H at the right side of the
vertical reference line V and at the lower side of the
horizontal reference line H, and is used as an oncoming
lane-side cutoff line. The second horizontal cutoff line 72 is
formed by the edge 46c1. The second horizontal cutoff line
72 extends along the horizontal reference line H at the left
side of the vertical reference line V, and is used as an own
lane-side cutoff line. The slope cutoff line 73 is formed by
the edge 46¢1. The slope cutoff line 73 extends diagonally
from the left end of the first horizontal cutoff line 71 toward
the left upper side, and is connected to the right end of the
second horizontal cutoff line 72.

That is, when the shade driving mechanism 37 (e.g., a
second driving mechanism) rotates the left rotary shade 46
to the position illustrated in FIG. 8A (e.g., a first angle
position), the edges 46¢1, 4641, and 46¢1 (an example of a
first edge of the rotary shade) are projected to the front area
of the projection lens 34 as the left horizontal cutoff line 74
(e.g., a periphery of the first light distribution pattern). The
light passing through the upper side of the edges 46¢1, 4641,
and 46el illuminates the lower side of the left horizontal
cutoff line 74.

FIG. 8C illustrates the left rotary shade 46 rotated clock-
wise by 90° from the state illustrated in FIG. 8A when
viewed from the right side in the front view of the vehicle
10. Here, a space 46/ is defined by the first flat surface 46g
and the second flat surface 46/ at the upper side of the rotary
axis A3.

The space 46 includes the optical axis Al of the projec-
tion lens 34. Thus, the light emitted from the light source 31
and reflected by the reflector 33 is not blocked but passes
through the space 46; and the projection lens 34 to form a
left high beam pattern 75 at the front area of the vehicle 10
as illustrated in FIG. 8D. The left high beam pattern 75 is a
light distribution pattern which is illuminated in a wide
range ahead of the vehicle 10 to the far side.

FIG. 9A illustrates the left rotary shade 46 rotated coun-
terclockwise by 90° from the state illustrated in FIG. 8A
when viewed from the right side, in the front view of the
vehicle 10. Here, at the upper side of the rotary axis A3,
edges 46¢2, 4642, and 46¢2 formed by the first peripheral
surface 46¢, the second peripheral surface 464, and the third
peripheral surface 46¢, respectively, and the boundary edge
46:3 of the twist end surface 46i are disposed near the rear
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focus F of the projection lens 34. The edge 46¢2 formed by
the first peripheral surface 46¢ is disposed at the left side of
the optical axis Al ofthe projection lens 34 in the front view
of the vehicle 10 to extend in parallel to the rotary axis A3.
The edge 4642 formed by the second peripheral surface 464
is disposed at the right side of the optical axis Al in the front
view of the vehicle 10 to extend in parallel to the rotary axis
A3. The edge 46¢2 formed by the third peripheral surface
46¢ is disposed at the left side of the optical axis Al in the
front view of the vehicle 10, and extends diagonally with
respect to the rotary axis A3 to connect the edge 46¢2 to the
edge 464d2. The boundary edge 46i3 of the twist end surface
46i is disposed at the left side of the optical axis Al in the
front view of the vehicle 10, and extends diagonally with
respect to the rotary axis A3. A space 461 is defined at the
left side of the boundary edge 46:3.

FIG. 9B illustrates a light distribution pattern formed
when the edges 46¢2, 4642, 46¢2, and 46i3 are projected to
the virtual vertical screen disposed at the front area of the
vehicle 10. The light distribution pattern corresponds to a
partial left high beam pattern 80 (e.g., a second light
distribution pattern). The partial left high beam pattern 80
has an illumination area larger than the left low beam pattern
70 and smaller than the left high beam pattern 75.

The partial left high beam pattern 80 includes a horizontal
cutoff line 81 and a vertical cutoff line 82. The horizontal
cutoff line 81 (e.g., a first periphery of the second light
distribution pattern) is formed by the edges 46¢2, 4642, and
46¢2 (e.g., a second edge of the rotary shade). The horizontal
cutoff line 81 extends along the horizontal reference line H.
The vertical cutoff line 82 (an example of a second periphery
of the second light distribution pattern) is formed by the
boundary edge 46i3 (e.g., the edge of the twist end surface)
of the twist end surface 46i. The vertical cutoff line 82
extends diagonally from the left end of the horizontal cutoff
line 81 toward the left upper side.

That is, when the shade driving mechanism 37 rotates the
left rotary shade 46 to the position illustrated in FIG. 9A
(e.g., a second angle position), the edges 46c¢2, 4642, and
46¢2 are projected to the front area of the projection lens 34
as the horizontal cutoff line 81, and the boundary edge 46i3
is projected to the front area of the projection lens 34 as the
vertical cutoff line 82. The light passing through the upper
side of the edges 46¢2, 4642, and 46¢2 illuminates the lower
side of the horizontal cutoff line 81. The light passing
through the space 4641 illuminates the left side of the
vertical cutoff line 82. The use of the partial left high beam
pattern 80 will be described later.

FIG. 9C illustrates the left rotary shade 46 rotated coun-
terclockwise by 45° from the state illustrated in FIG. 9A
when viewed from the right side, in the front view of the
vehicle 10. Here, at the upper side of the rotary axis A3,
edges 4643 and 46e3 formed by the second peripheral
surface 464, and the third peripheral surface 46¢, respec-
tively, and an outer peripheral edge 46i4 of the second
portion 46i2 of the twist end surface 46/ are disposed near
the rear focus F of the projection lens 34. The edge 4643
formed by the second peripheral surface 464 is disposed at
the right side of the optical axis Al in the front view of the
vehicle 10 to extend in parallel to the rotary axis A3. The
edge 46¢3 formed by the third peripheral surface 46e is
disposed at the left side of the optical axis Al in the front
view of the vehicle 10 to extend diagonally with respect to
the rotary axis A3 to connect the edge 46¢3 to the edge 4643.
The outer peripheral edge 46i4 of the second portion 462 of
the twist end surface 46i is disposed at the left side of the
optical axis Al in the front view of the vehicle 10 to extend
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diagonally with respect to the rotary axis A3. A space 4642
is defined at the left side of the outer peripheral edge 46i4.

FIG. 9D illustrates a light distribution pattern formed
when the edges 4643, and 46¢3 and the outer peripheral edge
46i4 are projected to the virtual vertical screen disposed at
the front area of the vehicle 10. The light distribution pattern
is also an example of the partial left high beam pattern 80.
The horizontal cutoff line 81 is formed by the edges 4643,
and 46¢3 (e.g., the second edge of the rotary shade), and the
vertical cutoff line 82 is formed by the outer peripheral edge
46i4 (e.g., the edge of the twist end surface).

That is, when the shade driving mechanism 37 rotates the
left rotary shade 46 to the position illustrated in FIG. 9C
(e.g., the second angle position), the edges 4643 and 463
are projected to the front area of the projection lens 34 as the
horizontal cutoff line 81, and the outer peripheral edge 46i4
is projected to the front area of the projection lens 34 as the
vertical cutoff line 82. The light passing through the upper
side of the edges 4643 and 46¢3 illuminates the lower side
of'the horizontal cutoft line 81. The light passing through the
space 4642 illuminates the left side of the vertical cutoff line
82. In comparison to the state illustrated in FIG. 9B, the
vertical cutoff line 82 is closer to the vertical reference line
V, and the left illumination area of the vertical cutoff line 82
is wider.

FIG. 9E illustrates the left rotary shade 46 rotated coun-
terclockwise by 45° from the state illustrated in FIG. 9C
when viewed from the right side, in the front view of the
vehicle 10. Here, at the upper side of the rotary axis A3, an
edge 4644 formed by the second peripheral surface 464 and
an outer peripheral edge 46/5 of the second portion 46:2 of
the twist end surface 46i are disposed near the rear focus F
of the projection lens 34. The edge 4644 formed by the
second peripheral surface 464 is disposed at the right side of
the optical axis Al of the projection lens 34 in the front view
of the vehicle 10 to extend in parallel to the rotary axis A3.
The outer peripheral edge 465 of the second portion 46i2 of
the twist end surface 467 extends diagonally with respect to
the rotary axis A3 across the vertical reference line V. A
space 463 is defined at the left side of the outer peripheral
edge 46i5.

FIG. 9F illustrates a light distribution pattern formed
when the edge 4644 and the outer peripheral edge 46i5 are
projected to the virtual vertical screen disposed at the front
area of the vehicle 10. The light distribution pattern is also
an example of the partial left high beam pattern 80. The
horizontal cutoff line 81 is formed by the edge 4644 and the
vertical cutoff line 82 is formed by the outer peripheral edge
46i5.

That is, when the shade driving mechanism 37 rotates the
left rotary shade 46 to the position illustrated in FIG. 9E
(e.g., the second angle position), the edge 4644 (e.g., the
second edge of the rotary shade) is projected to the front area
of the projection lens 34 as the horizontal cutoff line 81, and
the outer peripheral edge 46i5 (e.g., the edge of the twist end
surface) is projected to the front area of the projection lens
34 as the vertical cutoff line 82. The light passing through
the upper side of the edge 4644 illuminates the lower side of
the horizontal cutoff line 81. The light passing through the
space 4643 illuminates the left side of the vertical cutoff line
82. In comparison to the state illustrated in FIG. 9D, the
vertical cutoff line 82 is closer to the vertical reference line
V, and the left illumination area of the vertical cutoff line 82
is wider.

When the shade driving mechanism 37 rotates the left
rotary shade 46 between the positions illustrated in FIGS.
9A and 9E, a part of the twist end surface 46/ projected as
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the vertical cutoff line 82 of the partial left high beam pattern
80 is displaced in the left and right directions of the left
rotary shade 46. Since the twist end surface 46i continuously
extends around the rotary axis A3, the position of the vertical
cutoff line 82 may be continuously changed in the left and
right directions.

As described above, the left rotary shade 46 includes the
second peripheral surface 464 extending concentrically
around the rotary axis A3. Accordingly, the vertical position
of the edges 4641 to 46d4 to be projected to the front area
is not changed according to the rotation of the left rotary
shade 46. Accordingly, the position of the projection image
of the edge (e.g., the first horizontal cutoff line 71 and the
horizontal cutoff line 81) is not changed according to the
switching between the left low beam pattern 70 and the
partial left high beam pattern 80, and the displacement of the
vertical cutoff line 82 in the partial left high beam pattern 80.
Accordingly, when the light distribution pattern is changed,
an uncomfortable feeling of a driver may be suppressed.

As illustrated in FIG. 3 A, the right lamp unit 30R includes
a swivel actuator 39. The swivel actuator 39 is configured to
rotate at least a part of the right lamp unit 30R in the left and
right directions on the rotary axis A4 to change the optical
axis Al direction of the projection lens 34 in the left and
right directions of the right lamp unit 30R. The rotary axis
A4 extends in the vertical direction of the right lamp unit
30R through the rear focus F of the projection lens 34.
Although not illustrated, the left lamp unit 30L has the same
configuration. The use of the swivel actuator 39 will be
described later in detail.

FIG. 10 is a view schematically illustrating a functional
configuration of the integral control unit 14 provided in the
headlight control system 11 according to the present exem-
plary embodiment. The integral control unit 14 includes a
first information acquisition unit 141 and a second informa-
tion acquisition unit 142.

The first information acquisition unit 141 is configured to
acquire information on a rudder angle of the vehicle 10 (e.g.,
first information). The first information may be acquired
based on the signal input from the wheel speed sensors 16
and the steering angle sensor 17 illustrated in FIG. 1. The
image on the front area of the vehicle 10, which is obtained
from the camera 18, may be used for determining the rudder
angle. Besides or instead of them, information obtained
through a navigation system, an inter-vehicle communica-
tion unit, and a road-to-vehicle communication unit (which
are not illustrated) may be used to determine the rudder
angle.

The second information acquisition unit 142 is configured
to acquire information on a front area of the vehicle 10 (e.g.,
second information). The second information includes the
presence or absence of, for example, an oncoming vehicle or
a pedestrian on the front area of the vehicle 10. The second
information may be acquired based on the signal input from
the camera 18 illustrated in FIG. 1. Besides or instead of
them, information obtained through a navigation system, an
inter-vehicle communication unit, and a road-to-vehicle
communication unit (which are not illustrated) may be used
to acquire the front area information.

The integral control unit 14 includes a first control unit
143. The first control unit 143 is functionally connected to
the first information acquisition unit 141. The first control
unit 143 is connected to communicate the swivel actuator 39
(e.g., afirst driving mechanism) provided in each of the right
lamp unit 30R and the left lamp unit 30L. The first control
unit 143 controls the swivel actuator 39 to determine the
direction of the optical axis Al of each projection lens 34



US 9,453,629 B2

17

based on rudder angle information of the vehicle 10 acquired
by the first information acquisition unit 141.

The integral control unit 14 includes a second control unit
144. The second control unit 144 is functionally connected
to the second information acquisition unit 142. The second
control unit 144 is connected to communicate the shade
driving mechanism 37 (e.g., a second driving mechanism)
provided in each of the right lamp unit 30R and the left lamp
unit 30L. The second control unit 144 controls each shade
driving mechanism 37 to determine the positions of the
vertical cutoff line 62 of the partial right high beam pattern
60 and the vertical cutoff line 82 of the partial left high beam
pattern 80 with respect to the direction of the optical axis Al
determined by the first control unit 143, based on front area
information of the vehicle 10 acquired by the second infor-
mation acquisition unit 142.

FIG. 11A is a schematic view illustrating an ADB control
using the partial right high beam pattern 60 and the partial
left high beam pattern 80. The second control unit 144
performs a control such that the light distribution is switched
to the partial right high beam pattern 60 and the partial left
high beam pattern 80 when the information indicating the
presence of an oncoming vehicle 90 on the front area of the
vehicle 10 is acquired from the second information acqui-
sition unit 142 during execution of the high beam light
distribution.

Specifically, the second control unit 144 controls the
shade driving mechanism 37 provided in each of the right
lamp unit 30R and the left lamp unit 30L to rotate the right
rotary shade 36 and the left rotary shade 46. More specifi-
cally, the rotation angle position of each of the right rotary
shade 36 and the left rotary shade 46 is determined such that
the vertical cutoff line 62 of the partial right high beam
pattern 60 is disposed at the right side of the oncoming
vehicle 90, and the vertical cutoff line 82 of the partial left
high beam pattern 80 is disposed at the left side of the
oncoming vehicle 90. Accordingly, the non-lighting region
formed at the left side of the vertical cutoff line 62 and the
non-lighting region formed at the right side of the vertical
cutoff line 82 overlap each other to form a non-lighting
region including the oncoming vehicle 90. Accordingly, a
light distribution with an ensured front area visibility may be
achieved while suppressing a glare on the oncoming vehicle
90.

When the relative position between the vehicle 10 and the
oncoming vehicle 90 is changed as illustrated in FIG. 11B,
the above described fact is detected by the second informa-
tion acquisition unit 142. The second control unit 144
controls each shade driving mechanism 37 to rotate the right
rotary shade 36 and the left rotary shade 46 such that the
vertical cutoff line 62 is continuously disposed at the right
side of the oncoming vehicle 90, and the vertical cutoff line
82 is continuously disposed at the left side of the oncoming
vehicle 90. Accordingly, a non-lighting region is formed to
continuously include the oncoming vehicle 90.

FIG. 11C is a schematic view illustrating a swivel control
using the swivel actuator 39. Under the swivel control, the
optical axis Al direction of each projection lens 34 (e.g.,
corresponding to the intersection of the horizontal reference
line H and each of the vertical reference lines VR and VL)
is changed to correspond to the traveling direction of the
vehicle 10 according to the rudder angle of the vehicle 10,
so that the traveling direction is illuminated during traveling
even on a curved path. In the example of FIG. 11C, the
vehicle 10 is traveling on a rightward curved path.

The first information acquisition unit 141 calculates the
rudder angle of the vehicle 10, that is, the traveling direction,
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based on the input from, for example, the wheel speed
sensors 16 and the steering angle sensor 17. The first control
unit 143 determines a proper direction of the optical axis Al
of each projection lens 34 based on the rudder angle calcu-
lated by the first information acquisition unit 141. The first
control unit 143 determines an operation amount of each
swivel actuator 39 based on the determined direction of the
optical axis Al. In the example illustrated in FIG. 11C, the
vehicle 10 is determined to be steered to the right. Accord-
ingly, the operation of each swivel actuator 39 is controlled
such that the optical axis Al direction of each projection lens
34 is changed to the right. The vertical reference line VR of
the right lamp unit 30R and the vertical reference line VL of
the left lamp unit 30L are moved to the right from the state
illustrated in FIG. 11B.

The light distribution patterns as targets of the swivel
control may include all of the right low beam pattern 50, the
right high beam pattern 55, the partial right high beam
pattern 60, the left low beam pattern 70, the left high beam
pattern 75, and the partial left high beam pattern 80 as
described above. In the example illustrated in FIG. 11C, the
targets are the partial right high beam pattern 60 and the
partial left high beam pattern 80. The variation of the optical
axis Al direction of the projection lens 34 provided in the
right lamp unit 30R may be equal to or different from the
variation of the optical axis Al direction of the projection
lens 34 provided in the left lamp unit 30L. In the example
illustrated in FIG. 11C, the right lamp unit 30R and the left
lamp unit 30L have different variations.

The second control unit 144 performs an ADB control
such that the light distribution is switched to the partial right
high beam pattern 60 and the partial left high beam pattern
80 when the information indicating the presence of the
oncoming vehicle 90 on the front area of the vehicle 10 is
acquired from the second information acquisition unit 142
during execution of the swivel control. That is, the rotation
angle position of each of the right rotary shade 36 and the
left rotary shade 46 is determined such that the vertical
cutoff line 62 of the partial right high beam pattern 60 is
disposed at the right side of the oncoming vehicle 90, and the
vertical cutoff line 82 of the partial left high beam pattern 80
is disposed at the left side of the oncoming vehicle 90.
Accordingly, the non-lighting region formed at the left side
of the vertical cutoff line 62 and the non-lighting region
formed at the right side of the vertical cutoff line 82 overlap
each other to form a non-lighting region including the
oncoming vehicle 90. Accordingly, a light distribution with
an ensured front area visibility may be achieved while
suppressing a glare on the oncoming vehicle 90.

In the configuration of the present exemplary embodi-
ment, since the swivel control is not affected by the ADB
control, the optical axis Al direction of the projection lens
34 may be always optimized. Thus, the highest illuminance
portion in each of the partial right high beam pattern 60 and
the partial left high beam pattern 80 (e.g., the central portion
of'each pattern) is disposed at a proper position with respect
to the traveling direction of the vehicle 10. Accordingly, the
visibility of the vehicle traveling direction is ensured. Since
the ADB control is performed using the twist end surface 36/
of the right rotary shade 36 and the twist end surface 46; of
the left rotary shade 46, the position of each of the vertical
cutoff lines 62 and 82 may be continuously varied. Accord-
ingly, it is possible to suppress a glare on an oncoming
vehicle while suppressing a driver from having an uncom-
fortable feeling due to a change of the light distribution
pattern shape. Since the swivel control based on the rudder
angle information of the vehicle 10 and the ADB control
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based on the front area information of the vehicle 10 are
executed independently from each other, a complicated
control design on the assumption of coordination of both
controls is not required. Accordingly, it is possible to achieve
both the suppression of a glare on an oncoming vehicle and
the ensuring of the visibility of the vehicle traveling direc-
tion while suppressing an increase of a control load.

Also, in the configuration of the present exemplary
embodiment, the second control unit 144 controls each
shade driving mechanism 37 to determine the positions of
the vertical cutoff lines 62 and 82 with respect to the optical
axis Al direction of each projection lens 34 determined by
the first control unit 143.

A lateral displacement amount of the entire light distri-
bution pattern varied by the swivel control is larger than a
lateral displacement amount of the vertical cutoff line varied
by the rotary shade through the ADB control. First, the
optical axis Al direction of each projection lens 34 is
determined by the swivel control (e.g., including a case
where an initial direction at straight traveling is maintained),
and the ADB control is executed based on the direction so
that the range of the vertical cutoff line displaceable by the
rotary shade may be substantially widened. That is, an acting
range of a glare suppressing effect may be widened without
affecting the ensuring of the visibility of a vehicle traveling
direction through the swivel control. Accordingly, it is
possible to achieve both the suppression of a glare on an
oncoming vehicle and the ensuring of the visibility of the
vehicle traveling direction while suppressing an increase of
a control load.

In the first exemplary embodiment described above, the
light source 31 and the projection lens 34 for forming the
low beam pattern are also used to form the high beam pattern
or the partial high beam pattern. However, the light source
and the projection lens for forming the high beam pattern or
the partial high beam pattern may be provided independently
from the light source and the projection lens for forming the
low beam pattern. Such a configuration will be described as
a second exemplary embodiment of the present disclosure.

FIG. 12 is a view schematically illustrating the functional
configuration of a headlight control system 11 A according to
the second exemplary embodiment of the present disclosure.
Some elements having substantially the same configuration
and functions as those in the headlight control system 11
according to the first exemplary embodiment are given the
same reference numerals, and repetitive descriptions thereof
will be omitted.

The headlight control system 11A includes a right lamp
unit 30RA and a left lamp unit 30L.A. Each of the right lamp
unit 30RA and the left lamp unit 30LA includes a low beam
unit LU and a high beam unit HU. Each low beam unit LU
includes a first light source 311, a first projection lens 341,
and a shade 40. Each high beam unit HU includes a second
light source 312 and a second projection lens 342. The high
beam unit HU of the right lamp unit 30RA includes a right
rotary shade 36.

The high beam unit HU of the left lamp unit 30LA
includes a left rotary shade 46.

A part of the light emitted from the first light source 311
of the right lamp unit 30RA is blocked by the shade 40. The
first projection lens 341 of the right lamp unit 30RA is
disposed such that the edge of the shade 40 is projected to
the front area by the light emitted from the first light source
311 to form a right low beam pattern 50A (see, e.g., FIGS.
13A to 130).

A part of the light emitted from the second light source
312 of the right lamp unit 30RA is blocked by the right
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rotary shade 36. The second projection lens 342 of the right
lamp unit 30RA is disposed such that the edge is projected
according to the rotation angle position of the right rotary
shade 36 to the front area by the light emitted from the
second light source 312 to form a partial right high beam
pattern 60A (see, e.g., FIGS. 13A to 13C). Also, the right
high beam pattern as illustrated in FIG. 5D may be formed
according to the rotation angle position of the right rotary
shade 36.

A part of the light emitted from the first light source 311
of the left lamp unit 30LA is blocked by the shade 40. The
first projection lens 341 of the left lamp unit 30LA is
disposed such that the edge of the shade 40 is projected to
the front area by the light emitted from the first light source
311 to form a left low beam pattern 70A (see, e.g., FIGS.
13A to 130).

A part of the light emitted from the second light source
312 of the left lamp unit 30L.A is blocked by the left rotary
shade 46. The second projection lens 342 of the left lamp
unit 30LA is disposed such that the edge is projected
according to the rotation angle position of the left rotary
shade 46 to the front area by the light emitted from the
second light source 312 to form a partial left high beam
pattern 80A (see, e.g., FIGS. 13A to 13C). Also, the left high
beam pattern as illustrated in FIG. 8D may be formed
according to the rotation angle position of the left rotary
shade 46.

In the right lamp unit 30RA, the low beam unit LU and
the high beam unit HU are supported by a common base 41.
The base 41 includes a rotary shaft 42. A swivel actuator 39
is mechanically connected to the rotary shaft 42. The swivel
actuator 39 may rotate the base 41 on the rotary shaft 42.
That is, the swivel actuator 39 (an example of a first driving
mechanism) is configured to change the optical axis direc-
tion of the first projection lens 341 and the optical axis
direction of the second projection lens 342 at once.

FIG. 13A is a schematic view illustrating an ADB control
using the partial right high beam pattern 60 A and the partial
left high beam pattern 80A. The second control unit 144
performs a control such that the light distribution is switched
to the partial right high beam pattern 60A and the partial left
high beam pattern 80A when the information indicating the
presence of an oncoming vehicle 90 on the front area of the
vehicle 10 is acquired from the second information acqui-
sition unit 142 during execution of the high beam light
distribution.

Specifically, the second control unit 144 controls the
shade driving mechanism 37 provided in each of the right
lamp unit 30RA and the left lamp unit 30LA to rotate the
right rotary shade 36 and the left rotary shade 46. More
specifically, the rotation angle position of each of the right
rotary shade 36 and the left rotary shade 46 is determined
such that the vertical cutoff line 62 of the partial right high
beam pattern 60A is disposed at the right side of the
oncoming vehicle 90, and the vertical cutoff line 82 of the
partial left high beam pattern 80A is disposed at the left side
of the oncoming vehicle 90. Accordingly, the non-lighting
region formed at the left side of the vertical cutoff line 62
and the non-lighting region formed at the right side of the
vertical cutoff line 82 overlap each other to form a non-
lighting region including the oncoming vehicle 90. Accord-
ingly, a light distribution with an ensured front area visibility
may be achieved while suppressing a glare on the oncoming
vehicle 90.

When the relative position between the vehicle 10 and the
oncoming vehicle 90 is changed as illustrated in FIG. 13B,
the above described fact is detected by the second informa-
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tion acquisition unit 142. The second control unit 144
controls each shade driving mechanism 37 to rotate the right
rotary shade 36 and the left rotary shade 46 such that the
vertical cutoff line 62 is continuously disposed at the right
side of the oncoming vehicle 90, and the vertical cutoff line
82 is continuously disposed at the left side of the oncoming
vehicle 90. Accordingly, a non-lighting region is formed to
continuously include the oncoming vehicle 90.

FIG. 13C is a schematic view illustrating a swivel control
using the swivel actuator 39. Under the swivel control, the
optical axis direction of each of the first projection lens 341
and the second projection lens 342 in each lamp unit
(corresponding to the intersection of the horizontal reference
line H and each of the vertical reference lines VR and VL)
is changed to correspond to the traveling direction of the
vehicle 10 according to the rudder angle of the vehicle 10,
so that the traveling direction is illuminated during traveling
even on a curved path. In the example of FIG. 13C, the
vehicle 10 is traveling on a rightward curved path.

The first information acquisition unit 141 calculates the
rudder angle of the vehicle 10, that is, the traveling direction,
based on the input from, for example, the wheel speed
sensors 16 and the steering angle sensor 17. The first control
unit 143 determines a proper direction of the optical axis of
each of the first projection lens 341 and the second projec-
tion lens 342 in each lamp unit based on the rudder angle
calculated by the first information acquisition unit 141. The
first control unit 143 determines an operation amount of
each swivel actuator 39 based on the determined direction of
the optical axis. In the example illustrated in FIG. 13C, the
vehicle 10 is determined to be steered to the right. Accord-
ingly, the operation of each swivel actuator 39 is controlled
such that the optical axis direction of each of the first
projection lens 341 and the second projection lens 342 in
each lamp unit is changed to the right. The vertical reference
line VR of the right lamp unit 30RA and the vertical
reference line VL of the left lamp unit 30LA are moved to
the right from the state illustrated in FIG. 13B. The variation
of the optical axis direction of each of the first projection
lens 341 and the second projection lens 342 provided in the
right lamp unit 30RA may be equal to or different from the
variation of the optical axis direction of each of the first
projection lens 341 and the second projection lens 342
provided in the left lamp unit 30LA. In the example illus-
trated in FIG. 13C, the right lamp unit 30RA and the left
lamp unit 30L.A have different variations.

The second control unit 144 performs an ADB control
such that the light distribution is switched to the partial right
high beam pattern 60A and the partial left high beam pattern
80A when the information indicating the presence of the
oncoming vehicle 90 on the front area of the vehicle 10 is
acquired from the second information acquisition unit 142
during execution of the swivel control. That is, the rotation
angle position of each of the right rotary shade 36 and the
left rotary shade 46 is determined such that the vertical
cutoff line 62 of the partial right high beam pattern 60A is
disposed at the right side of the oncoming vehicle 90, and the
vertical cutoff line 82 of the partial left high beam pattern
80A is disposed at the left side of the oncoming vehicle 90.
Accordingly, the non-lighting region formed at the left side
of the vertical cutoff line 62 and the non-lighting region
formed at the right side of the vertical cutoff line 82 overlap
each other to form a non-lighting region including the
oncoming vehicle 90. Accordingly, a light distribution with
an ensured front area visibility may be achieved while
suppressing a glare on the oncoming vehicle 90.
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As described above, in the configuration of the present
exemplary embodiment, the swivel actuator 39 is configured
to change the optical axis direction of the first projection lens
341 and the optical axis direction of the second projection
lens 342 at once. Accordingly, even in the configuration
where a light source and a projection lens for the low beam
light distribution are independent from a light source and a
projection lens for the high beam light distribution, the
second control unit 144 may determine the position of each
of'the vertical cutoff lines 62 and 82 based on the optical axis
direction of each of the first projection lens 341 and the
second projection lens 342 in each lamp unit, the optical axis
direction being determined by the first control unit 143.
First, the optical axis direction of each of the first projection
lens 341 and the second projection lens 342 in each lamp
unit is determined by the swivel control (including a case
where an initial direction at straight traveling is maintained),
and the ADB control is executed based on the direction so
that the range of the vertical cutoff line displaceable by the
rotary shade may be substantially widened. That is, an acting
range of a glare suppressing effect may be widened without
affecting the ensuring of the visibility of a vehicle traveling
direction through the swivel control. Accordingly, it is
possible to achieve both the suppression of a glare on an
oncoming vehicle and the ensuring of the visibility of the
vehicle traveling direction while suppressing an increase of
a control load.

In the first and second exemplary embodiments described
above, both the low beam pattern and the high beam pattern
(e.g., including the partial high beam pattern) are set as
targets of the swivel control. However, only the low beam
pattern may be set as a target of the swivel control. Such a
configuration will be described as a third exemplary embodi-
ment of the present disclosure.

FIG. 14 is a view schematically illustrating the functional
configuration of a headlight control system 11B according to
the third exemplary embodiment of the present disclosure.
Some elements having substantially the same configuration
and functions as those in the headlight control system 11A
according to the second exemplary embodiment are given
the same reference numerals, and repetitive descriptions
thereof will be omitted.

The headlight control system 11B includes a right lamp
unit 30RB and a left lamp unit 30L.B. Each of the right lamp
unit 30RB and the left lamp unit 30L.B includes a low beam
unit LU and a high beam unit HU. Each low beam unit LU
includes a first light source 311, a first projection lens 341,
and a shade 40. Each high beam unit HU includes a second
light source 312 and a second projection lens 342. The high
beam unit HU of the right lamp unit 30RB includes a right
rotary shade 36. The high beam unit HU of the left lamp unit
30LB includes a left rotary shade 46.

A part of the light emitted from the first light source 311
of the right lamp unit 30RB is blocked by the shade 40. The
first projection lens 341 of the right lamp unit 30RB is
disposed such that the edge of the shade 40 is projected to
the front area by the light emitted from the first light source
311 to form a right low beam pattern 50B (see, e.g., FIGS.
15A to 15C).

A part of the light emitted from the second light source
312 of the right lamp unit 30RB is blocked by the right
rotary shade 36. The second projection lens 342 of the right
lamp unit 30RB is disposed such that the edge is projected
according to the rotation angle position of the right rotary
shade 36 to the front area by the light emitted from the
second light source 312 to form a partial right high beam
pattern 60B (see, e.g., FIGS. 15A to 15C). Also, the right
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high beam pattern as illustrated in FIG. 5D may be formed
according to the rotation angle position of the right rotary
shade 36.

A part of the light emitted from the first light source 311
of the left lamp unit 30LB is blocked by the shade 40. The
first projection lens 341 of the left lamp unit 30LB is
disposed such that the edge of the shade 40 is projected to
the front area by the light emitted from the first light source
311 to form a left low beam pattern 70B (see, e.g., FIGS.
15A to 15C).

A part of the light emitted from the second light source
312 of the left lamp unit 30LB is blocked by the left rotary
shade 46. The second projection lens 342 of the left lamp
unit 30LB is disposed such that the edge is projected
according to the rotation angle position of the left rotary
shade 46 to the front area by the light emitted from the
second light source 312 to form a partial left high beam
pattern 80B (see, e.g., FIGS. 15A to 15C). Also, the left high
beam pattern as illustrated in FIG. 8D may be formed
according to the rotation angle position of the left rotary
shade 46.

In the present exemplary embodiment, only the low beam
unit LU is configured to be rotated on a rotary shaft 43. A
swivel actuator 39 is connected to the rotary shaft 43. The
swivel actuator 39 (e.g., the first driving mechanism) is
configured to change the optical axis direction of the first
projection lens 341 independently from the optical axis
direction of the second projection lens 342.

FIG. 15A is a schematic view illustrating an ADB control
using the partial right high beam pattern 60B and the partial
left high beam pattern 80B. The second control unit 144
performs a control such that the light distribution is switched
to the partial right high beam pattern 60B and the partial left
high beam pattern 80B when the information indicating the
presence of an oncoming vehicle 90 on the front area of the
vehicle 10 is acquired from the second information acqui-
sition unit 142 during execution of the high beam light
distribution.

Specifically, the second control unit 144 controls the
shade driving mechanism 37 provided in each of the right
lamp unit 30RB and the left lamp unit 30LB to rotate the
right rotary shade 36 and the left rotary shade 46. More
specifically, the rotation angle position of each of the right
rotary shade 36 and the left rotary shade 46 is determined
such that the vertical cutoff line 62 of the partial right high
beam pattern 60B is disposed at the right side of the
oncoming vehicle 90, and the vertical cutoff line 82 of the
partial left high beam pattern 80B is disposed at the left side
of the oncoming vehicle 90. Accordingly, the non-lighting
region formed at the left side of the vertical cutoff line 62
and the non-lighting region formed at the right side of the
vertical cutoff line 82 overlap each other to form a non-
lighting region including the oncoming vehicle 90. Accord-
ingly, a light distribution with an ensured front area visibility
may be achieved while suppressing a glare on the oncoming
vehicle 90.

When the relative position between the vehicle 10 and the
oncoming vehicle 90 is changed as illustrated in FIG. 15B,
the above described fact is detected by the second informa-
tion acquisition unit 142. The second control unit 144
controls each shade driving mechanism 37 to rotate the right
rotary shade 36 and the left rotary shade 46 such that the
vertical cutoff line 62 is continuously disposed at the right
side of the oncoming vehicle 90, and the vertical cutoff line
82 is continuously disposed at the left side of the oncoming
vehicle 90. Accordingly, a non-lighting region is formed to
continuously include the oncoming vehicle 90.
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FIG. 15C is a schematic view illustrating a swivel control
using the swivel actuator 39. Under the swivel control, the
optical axis direction of the first projection lens 341 in each
lamp unit (e.g., corresponding to the intersection of the
horizontal reference line H and each of the vertical reference
lines VR and VL) is changed to correspond to the traveling
direction of the vehicle 10 according to the rudder angle of
the vehicle 10, so that the traveling direction is illuminated
during traveling even on a curved path. In the example of
FIG. 15C, the vehicle 10 is traveling on a rightward curved
path.

The first information acquisition unit 141 calculates the
rudder angle of the vehicle 10, that is, the traveling direction,
based on the input from, for example, the wheel speed
sensors 16 and the steering angle sensor 17. The first control
unit 143 determines a proper direction of the optical axis of
the first projection lens 341 in each lamp unit based on the
rudder angle calculated by the first information acquisition
unit 141. The first control unit 143 determines an operation
amount of each swivel actuator 39 based on the determined
direction of the optical axis. In the example illustrated in
FIG. 15C, the vehicle 10 is determined to be steered to the
right. Accordingly, the operation of each swivel actuator 39
is controlled such that the optical axis direction of the first
projection lens 341 in each lamp unit is changed to the right.
Accordingly, the right low beam pattern S0B and the left low
beam pattern 70B are moved to the right from the state
illustrated in FIG. 15B.

In FIG. 15C, the vertical reference line VR of the right
low beam pattern 50B and the vertical reference line VL of
the left low beam pattern 70B are moved to the right from
the state illustrated in FIG. 15B. The variation of the optical
axis direction of the first projection lens 341 provided in the
right lamp unit 30RB may be equal to or different from the
variation of the optical axis direction of the first projection
lens 341 provided in the left lamp unit 30LB. In the example
illustrated in FIG. 15C, the right lamp unit 30RB and the left
lamp unit 30LB have different variations. The vertical
reference line VH of each of the high beam patterns 55 and
75 is unchanged before and after the swivel control.

The second control unit 144 performs an ADB control
such that the light distribution is switched to the partial right
high beam pattern 60B and the partial left high beam pattern
80B when the information indicating the presence of the
oncoming vehicle 90 on the front area of the vehicle 10 is
acquired from the second information acquisition unit 142
during execution of the swivel control. That is, the rotation
angle position of each of the right rotary shade 36 and the
left rotary shade 46 is determined such that the vertical
cutoff line 62 of the partial right high beam pattern 60B is
disposed at the right side of the oncoming vehicle 90, and the
vertical cutoff line 82 of the partial left high beam pattern
80B is disposed at the left side of the oncoming vehicle 90.
Accordingly, the non-lighting region formed at the left side
of the vertical cutoff line 62 and the non-lighting region
formed at the right side of the vertical cutoff line 82 overlap
each other to form a non-lighting region including the
oncoming vehicle 90. Accordingly, a light distribution with
an ensured front area visibility may be achieved while
suppressing a glare on the oncoming vehicle 90.

As described above, according to the configuration of the
present exemplary embodiment, the swivel actuator 39 is
configured to change the optical axis direction of the first
projection lens 341 independently from the optical axis
direction of the second projection lens 342. Accordingly, the
independence of each of the swivel control and the ADB
control may be further improved. Since a complicated
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control design on the assumption of coordination of both
controls is not required, it is possible to achieve both the
suppression of a glare on an oncoming vehicle and the
ensuring of the visibility of the vehicle traveling direction
while suppressing an increase of a control load.

In the exemplary embodiments as described above,
mainly in view of easy chromatic aberration correction, a
semiconductor light emitting device is used as for the light
source 31, and a resinous lens is used as for the projection
lens 34. However, as for the light source 31, a laser light
source or a lamp light source (e.g., an incandescent lamp, a
halogen lamp, a discharge lamp, and a neon lamp) may be
used. Also, as for the projection lens 34, a glass lens may be
used.

From the foregoing, it will be appreciated that various
embodiments of the present disclosure have been described
herein for purposes of illustration, and that various modifi-
cations may be made without departing from the scope and
spirit of the present disclosure. Accordingly, the various
embodiments disclosed herein are not intended to be limit-
ing, with the true scope and spirit being indicated by the
following claims.

What is claimed is:
1. A system configured to control a light distribution of a
lighting device mounted in a vehicle, the system comprising:
a light source;
a projection lens through which at least a part of light
emitted from the light source passes;
arotary shade disposed at a rear side of the projection lens
to block a part of the light emitted from the light source
and having a rotary axis;
a first driving mechanism configured to change a direction
of an optical axis of the projection lens; and
a second driving mechanism configured to rotate the
rotary shade on the rotary axis,
wherein the rotary shade includes: a first edge projected to
a front area of the projection lens, as a periphery of a
first light distribution pattern, when the second driving
mechanism rotates the rotary shade to a first angle
position; a second edge projected to the front area of the
projection lens, as a first periphery of a second light
distribution pattern, when the second driving mecha-
nism rotates the rotary shade to a second angle position,
the second light distribution pattern having an illumi-
nation area larger than an illumination area of the first
light distribution pattern; and a twist end surface
extending around the rotary axis to intersect the first
edge at a first position with respect to a direction of the
rotary axis, and to intersect the second edge at a second
position with respect to a direction of the rotary axis,
the twist end surface includes an edge projected to the
front area of the projection lens, as a second periphery
of the second light distribution pattern, and the system
further comprises: a first information acquisition unit
configured to acquire first information on a rudder
angle of the vehicle; a second information acquisition
unit configured to acquire second information on a
front area of the vehicle; a first control unit configured
to control the first driving mechanism to determine the
direction of the optical axis based on the first informa-
tion; and a second control unit configured to control the
second driving mechanism to determine a position of
the second periphery based on the second information.
2. The system of claim 1, wherein the second control unit
controls the second driving mechanism to determine the
position of the second periphery based on the second infor-
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mation, with respect to the direction of the optical axis
determined by the first control unit.

3. The system of claim 2, wherein the rotary shade
includes a peripheral surface extending concentrically
around the rotary axis, and the first edge and the second edge
constitute a part of the peripheral surface.

4. The system of claim 3, wherein the light source
includes a first light source and a second light source,

the projection lens includes a first projection lens and a

second projection lens,

the first projection lens is disposed such that the first light

distribution pattern is formed by light emitted from the
first light source,

the second projection lens and the rotary shade are

disposed such that a part of the second light distribution
pattern including the second periphery is formed by
light emitted from the second light source, and

the first driving mechanism is configured to change a

direction of an optical axis of at least the first projection
lens.

5. The system of claim 4, wherein the first driving
mechanism is configured to change the direction of the
optical axis of the first projection lens and a direction of an
optical axis of the second projection lens at once.

6. The system of claim 2, wherein the light source
includes a first light source and a second light source,

the projection lens includes a first projection lens and a

second projection lens,

the first projection lens is disposed such that the first light

distribution pattern is formed by light emitted from the
first light source,

the second projection lens and the rotary shade are

disposed such that a part of the second light distribution
pattern including the second periphery is formed by
light emitted from the second light source, and

the first driving mechanism is configured to change a

direction of an optical axis of at least the first projection
lens.

7. The system of claim 6, wherein the first driving
mechanism is configured to change the direction of the
optical axis of the first projection lens and a direction of an
optical axis of the second projection lens at once.

8. The system of claim 1, wherein the rotary shade
includes a peripheral surface extending concentrically
around the rotary axis, and the first edge and the second edge
constitute a part of the peripheral surface.

9. The system of claim 8, wherein the light source
includes a first light source and a second light source,

the projection lens includes a first projection lens and a

second projection lens,

the first projection lens is disposed such that the first light

distribution pattern is formed by light emitted from the
first light source,

the second projection lens and the rotary shade are

disposed such that a part of the second light distribution
pattern including the second periphery is formed by
light emitted from the second light source, and

the first driving mechanism is configured to change a

direction of an optical axis of at least the first projection
lens.

10. The system of claim 9, wherein the first driving
mechanism is configured to change the direction of the
optical axis of the first projection lens and a direction of an
optical axis of the second projection lens at once.

11. The system of claim 1, wherein the light source
includes a first light source and a second light source,
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the projection lens includes a first projection lens and a

second projection lens,

the first projection lens is disposed such that the first light

distribution pattern is formed by light emitted from the
first light source,

the second projection lens and the rotary shade are

disposed such that a part of the second light distribution
pattern including the second periphery is formed by
light emitted from the second light source, and

the first driving mechanism is configured to change a

direction of an optical axis of at least the first projection
lens.

12. The system of claim 11, wherein the first driving
mechanism is configured to change the direction of the
optical axis of the first projection lens and a direction of an
optical axis of the second projection lens at once.
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